There is little information about the potential effects of compost and zeolite or zeolite with leonardite as soil amendments in barley cultivation. Thus in this study, the following objectives were proposed: i) to compare the effects of the addition of compost, alone or simultaneously with zeolite, and of the addition of leonarditeenriched zeolite with those of the conventional NPK fertilization used in barley cultivation, on the soil nutritional status, microbial community structure, and enzyme activity in different stages of barley cultivation; and ii) to establish relationships between the different soil parameter trends, soil microbial community structure, and barley crop yield. In the field experiment carried out with a barley crop, the alternative fertilization treatments tested had an overall positive effect, in comparison with conventional fertilization with a mineral NPK fertilizer, when soil quality parameters, the nutritional level and yield of the barley crop were analyzed. Zeolite with leonardite increased barley yield in comparison with the compost treatments, either with zeolite or without, but had an excessive contribution to the water soluble contents of Na and N in soil. So, using environmental and agronomic criteria, the most rational action would be the use of compost in agriculture.
Introduction
In the Mediterranean countries of Southern Europe, organic matter depletion in soils is undoubtedly the main soil degradation process in arid and semi-arid conditions (Diacono & Montemurro, 2010) . Common agricultural practices such as excessive use of agro-chemicals, deep tillage, and luxury irrigation have degraded soils, polluted water resources, and contaminated the atmosphere (Wells et al., 2000) . The consequence of these unsuitable practices is the soil degradation that limits soil productivity in Mediterranean agroecosystems. Simultaneously, there is increasing and widespread organic waste production. New and sustainable strategies for organic waste management, in combination with the adoption of European policies at national levels, have minimized their disposal in landfills and increased their safe recycling in soil as organic amendments. The application of quality assured composts in crop cultivation may significantly contribute to yield efficiency, soil conservation, and soil fertility improvement due to their high content of stable C from humic substances, good phosphorus and potassium fertilization efficiency, slow release of available N forms, and liming effect (ECN 2010) . Furthermore, it is well documented that compost amendment increases the biomass and activity of the soil microbial community, benefiting soil fertility (Bastida et al., 2008) .
Leonardite is an organic material found in soft, coal-like deposits that occur at shallow depths and it is a concentrated form of humic and fulvic acids, used in agricultural production .
Zeolites, naturally occurring groups of minerals containing a cage-like structure, may promote plant growth by enhancing nutrient availability, soil conditioning, and soil moisture holding capacity (Polat et al., 2004) -thereby providing higher yields and better quality of crops (Ippolito, 2011) . The adsorption of humic extracts obtained from leonardite on zeolite gives an organic-mineral complex which may be used in crop cultivation due to its properties as a soil fertilizer and plant growth improver. However, there is little information about the interactions of both composts and humic extracts obtained from leonardite with a natural zeolite (clinoptilolite), and their potential synergistic effects as soil amendments in barley cultivation. Thus, it can be hypothesized that: i) manure compost, as a single soil amendment or in combination with zeolite, or zeolite enriched with a humic extract of leonardite could be utilized as substitutes for conventional mineral fertilizers in barley cultivation; ii) there will be relationships between the enzyme activities, nutritional status, and microbiological community structure of the soil under a barley crop and the grain production and plant nutritional level. In order to test these hypotheses the following objectives were proposed: i) to compare the effects of the addition of compost, alone or simultaneously with zeolite, and of the addition of leonardite-enriched zeolite with those of the conventional NPK fertilization used in barley cultivation, on the soil nutritional status, microbial community structure, and enzyme activity in different stages of barley cultivation; and ii) to establish relationships between the different soil parameter trends, soil microbial community structure, and barley crop yield.
Materials and Methods

Trial location and climatic and soil conditions
The experimental field was located in the province of Albacete (SE Spain), in the Experimental Farm Table 1 . Table 1 . Initial characterization of the soil in the experimental plot
Materials used as fertilizers or amendments
The materials used in this fertilization assay were: manure compost, zeolite, zeolite supplemented with humic extract obtained from leonardite, and a mineral complex, NPK 8-24-8 type (from the company "Fertiberia S.A."), used conventionally for growing barley and which served as the fertilization control.
The composted manure was supplied by the company "Orgánicos Pedrin S.L.", and it was produced by composting goat and sheep manure with cereal straw. The chemical analysis of this organic amendment is shown in Table 2 . The zeolite used in this assay was supplied by the company "Zeocat Soluciones Ecológicas S.L.U.". It is a naturally occurring zeolite with 85-95%
clinoptilolite. The zeolite enriched with 20-25% leonardite was also supplied by the latter company. Besides the properties of the zeolite, the leonardite provides mainly humic and fulvic acids and also potassium to soil. Moreover, the humic acids have a hormonelike action on the plants, favoring their development . The chemical properties of this organic amendment are shown in Table 2 . These materials were applied to the soil by basal dressing in late December 2014 and were incorporated into the soil by tillage; the soil was then irrigated to moisten it and to activate biogeochemical cycles. 
Experimental design
In this trial four treatments with four replicates each were set up in a randomized, complete block design.
The minimum experimental unit was a plot of 28 m 2 , divided into two equal subplots. In one of these, samplings of soil and plants were made throughout the growing season, while the other was reserved for the final harvest. The treatments tested and doses applied to the soil were: 1) the MC treatment was a basal dressing with manure compost at a dose of 38 t ha -1 ; 2) the MCZ treatment was identical to MC, but also zeolite was simultaneously applied at a dose of 90 t ha -1 (3%);
3) the MF treatment was a conventional mineral fertilization, serving as an assay control, and consisted of a basal dressing using an NPK complex (8-24-8) which 
Chemical analyses
For elemental analysis of soil samples, acid digestion of samples or extraction with distilled water was conducted to determine the total and soluble fraction concentrations, respectively, of macro and micronutrients, using an ICP-OES analyzer (Iris Intrepid II XDL, Thermo Scientific). The total contents of C, organic C, and N were determined by a CN Flash2000 (Thermo Scientific) analyzer; the water-soluble fractions of these elements were determined by a CN analyzer for liquid samples ((Multi N/C 3100, Analytikjena, Germany)).
The anion content in the soil was determined from a filtered aqueous extract, using an ionic chromatograph.
The ammonium concentration in soil were determined using a 1M KCl solution, in a ratio 1:10 soil:solution,
to extract the available fraction of this cation and then determined by a colorimetric method (Keeney and Nelson, 1982) .
Collection of plant biomass samples in each plot was conducted using a framework of 0.5 x 0.5 m. For each of these samples a count of the number of ears was made, and fresh weight and oven-dry weight were recorded. For elemental analysis, the straw and grain samples were ground; then, they were submitted to acid digestion using a microwave oven and elemental concentrations were determined by ICP-OES. 
Assay methods of soil enzyme activities
Phospholipids extraction from soil and their analysis
Phospholipids were extracted from 6 g of soil using a chloroform-methanol extraction based on the method of Bligh and Dyer (1959) . They were fractionated and quantified using the procedure described by Frostegard et al., (1993) .
The complete dried FAME fraction was dissolved in isooctane containing 0.23 mg ml -1 of 21:0 FAME as internal standard. The analysis was performed using a Trace Ultra Thermo Scientific gas chromatograph fitted with a 60-m capillary column (Thermo TR-FAME 60 m x 0.25 mm ID x 0.25 µm film), using helium as carrier gas. The relative abundances of fatty acids were submitted to another factorial analysis to determine changes in the structure of the soil microbial community. In order to establish relationships between the total and specific PLFA contents used as biomarkers of different microbial groups, enzyme activities, and the the nutrient levels in the soil for all sampling times, a correlation analysis was carried out to obtain the Spearman correlation coefficient and its significance level for every pair of variables. All these methods of data analysis were performed using the software IBM-SPSS statistics 23.
Results
Total concentrations and water soluble fractions of chemical elements in the soil
Fifteen days after basal dressing of the soil, significant differences between treatments were detected for the total soil concentrations of Ca, B, Na, and P (Table 3 ).
The total concentrations of B and Na were significantly higher after the application of the ZL treatment than for the other treatments assayed. The Ca concentration was significantly higher in the MF and ZL treatments than in MCZ. However, the P concentration was significantly higher in treatment MCZ than in MF. Regarding the water soluble fraction of nutrients in soil, the Mg, K, S, and Ca concentrations were significantly higher in the two treatments with compost (MC and MCZ) than in MF or ZL, at the T0 sampling (Figure 1) . However, the water soluble fraction of Na was significantly higher in ZL than in the other treatments at T0. At the second soil sampling (T1), the water soluble fractions of Mg, K, and Na showed similar trends than at T0. There were no significant differences in the water At samplings T0 and T1, the values of WSN were significantly higher in treatment ZL than in the other three treatments. The nitric-N content underwent a significant decrease throughout the barley cultivation, being significantly higher in the ZL treatment than in the others (Figure 2) . Compost, leonardite and zeolite impacts on soil
The ammonium-N content in the soil which received the ZL treatment was significantly higher at the first two sampling times.
Then, it decreased, being similar to that measured in the other treatments at the final soil sampling. all sampling times significant differences (p<0.05) between treatments were denoted by not shared letters.
Effect of soil treatments on enzyme activities
In general a decrease in soil enzyme activity, except for soil urease activity (URA), was ob- For the fungal and Gram-positive PLFA contents, significant differences among MC, MCZ, and MF were not detected, but a significantly lower value was observed in ZL. However, the Gram-negative PLFA content showed no differences among the treatments, although with a tendency to increase in ZL. Using factorial analysis of the PLFA profiles (molar% of every PLFA biomarker) at the three different soil sampling times, we detected that factor 1 explained 35, 39, and 29 % of the data variability, respectively, for the T0, T1, and T2 samplings, and the second factor 26, 21, and 19 % ( Figure 5 ). 
The biomass and structure of the soil microbial community, determined by PLFA analysis
The total PLFA content, as well as the content of PLFA biomarkers of different microbial groups (bacteria, fungi, Gram-positive, Gram-negative, and actinobacteria), tended tended to decrease throughout the barley cultivation, but only in specific cases was this decrease significant.
There were no significant differences in total PLFA content among the different treatments assayed. Significantly lower values of bacterial PLFA were detected in treatment ZL, in comparasion to MC (Figure 4) Compost, leonardite and zeolite impacts on soil 
Relationships between soil enzyme activities and soil nutritional status
Factorial analysis of the data for enzyme activities and the TN, TOC, K, P, and WSC contents in the soil throughout the barley cultivation demonstrated a relationship between the functional capacity of the soil and the nutritional status. Factor 1 explained 47.4, 37.9, and 35.3 % of the data variability, respectively, for the T0, T1, and T2 samplings, while factor 2 explained 22.1, 15.9, and 24.9 %, respectively ( Figure 6 ). At T0, APA, POD, CBH, NAG, WSC, TN, TOC, and P were highly and positively correlated with factor 1. However, PPO and URE were highly correlated with factor 2. Moreno et al At T1, POD, URE, NAG, WSC, and TOC were highly correlated, with factor 1, while PPO, APA, and TN were correlated with factor 2.
At T2, CBH, NAG, URE, WSC, and TOC were highly correlated with factor 1; but, POD, BGA, and PPO were highly correlated with factor 2.
Treatments MC and MCZ had the highest scores for factor 1 and they were significantly different from the other treatments. However, ZL had the highest scores for factor 2.
Barley yield and grain quality responses to soil treatments
The harvest index (ratio of grain weight to dry biomass) of the barley crop did not experiment any variation from one soil treatment to another (Figure 7) . However, the grain yield (with moisture content of 13%) was significantly higher in treatment ZL, in comparison to MC and MF, and this parameter was not significantly different in the MC, MCZ, and MF treatments.
The quality of grain expressed as the ratio of the N content in the grain to the N content in the straw was highest in the treatments with zeolite (MCZ and ZL), being significantly higher than for MFwhich gave a significantly higher value than MC. According to Sanli et al., (2013) , leonardite serves to increase available N, P, and K in the soil -which, in turn, could be taken up by plants.
However, this could be a limiting factor in the normal use of ZL in agriculture, in areas having a high risk of The alternative fertilization practices assayed in this experiment produced increases in the levels of TOC and WSC in the soil, relative to the use of MF. In other studies, improvements of the organic C content in soil due to the application of compost or leonardite have been reported (Leita et al., 1999; Ondoño et al., 2016; Soler-Rovira et al., 2010) , thus enhancing the soil C storage capacity (Bhattacharya et al., 2016; Diacono & Montemurro, 2010; Smith, 2004) . Improvements in WSC with treatments MC, MCZ, and ZL, relative to conventional fertilization (MF), were observed throughout the barley cultivation, which explain the higher enzymatic activities and microbial biomass found after the application of these fertilization practices. The hydro-soluble fraction of SOC represents a C-substrate pool readily available for nutrient and energy acquisition by soil microorganisms.
Extracellular enzymatic activity (EEA) represents
the soil potential for transforming or degrading OM (Gianfreda, 2015) . In this study, the hydrolytic enzymes APA, CBH, NAG, and LEU presented significantly higher values in soil amended with compost than in soil receiving conventional fertilization, throughout the barley cultivation, and zeolite addition had no or little effect on these enzyme activities. This fact is due to the higher contribution of compost to the increases in the specific substrates of these enzymes.
Similar findings were observed by other researchers (Reardon & Wuest, 2016; Ros et al., 2006) . Moreover, these initial differences in these enzyme activities of MC soil, with respect to the other treatments, were maintained during barley cultivation; in the case of β-glucosidase, its initial small difference increased in the last phase of barley crop development. This can be explained because the OM added by MC to soil, in addition to being an enzyme substrate resource, protects enzyme macromolecules in the presence of proteolytic enzymes (Burns et al., 2013; Moreno et al., 2007; Nannipieri, 2006) . In the case of β-glucosidase the increasing difference from other treatments could be explained also by a different evolution of cellulose degradation in the soil amended with MC, producing a gradual accumulation of specific substrates of this enzyme in the last phases of barley cultivation.
Extracellular urease activity hydrolyzes urea or ureic compounds to produce ammonium in soil. At the beginning of barley emergence, this enzyme activity was low due to the higher amount of ammonium in the soil and the low demand for this nutrient in this first phase of barley cultivation, which produced an inhibition of urease activity. However, during the next phases of barley growth, from the end of emergence to the beginning of stem extension, an increase in urease activity was observed due to the higher plant demand for available N and the increasing amounts of specific substrates of this enzyme, produced by gradual SOM degradation. Initially, enzymatic activities with key roles in SOM oxidation -such as polyphenol oxidase and peroxidase -were increased by the addition of both compost (treatments MC and MCZ) and leonardite (ZL) and a significant difference from the conventional treatment (MF) was maintained. Some microorganisms use these two phenol oxidases to degrade lignin and humus, to obtain more labile C and nutrients (Sinsabaugh, 2010) . For these two enzyme activities, the amount of C in humic substances added with the leonardite of the ZL treatment could have had a positive effect. In previous studies, a positive correlation between humic substances and the activities of these phenol oxidases was found (Ondoño et al., 2014) . However, the presence of zeolite in these amendments had no significant effect on the activities of these oxidoreductases.
The fertilization treatments induced differences in the biomass of Gram+ bacteria and fungi, which were decreased in ZL in comparison to the other treatments, while the biomass of Gram-bacteria was increased in ZL. These results indicate a change in the composition of the microbial community as a consequence of the type of fertilizer. Similarly, the microbial community structure was changed in ZL relative to the other treatments, throughout the time of sampling. Cozzolino et al., (2016) and Tejada et al., (2006) reported that the chemical properties of compost used as an amendment may affect the microbial community structure of soil.
In our study, different molecular properties of leonardite or, particularly, the properties of the soil amended with ZL i could have altered the soil microbial community structure, relative to the other treatments.
Interestingly, Gram-negative and fungal biomarkers were among the fatty acids that explained to a great extent the differences in the structure of the microbial community at T2. Precisely, we found that Gram-negative and fungal PLFAs were highly and positively correlated to WSC, being their Spearman correlation coefficients 0.581 and 0.630 respectively at P<0.05
(data not presented). For instance, the Gram-bacteria include those of the phylum Proteobacteria that are mainly considered as copiotrophic organisms; that is, with the ability to grow quickly when energy and carbon sources are available, such as those contained in WSC (Bastida et al., 2016; Fierer et al., 2007) . In this case, it could be hypothesized that ZL promoted a change to a more copiotrophic community through the increases in WSC and WSN. Indeed, ZL contained a higher amount of soluble organic matter.
Conclusions
In this field experiment with a barley crop, the al- By contrast, composting involves the addition of value to organic wastes, in this case manures from sheep and goats, transforming them into an organic fertilizer product free of elements harmful to the soil or pathogens that affect crops or humans. Therefore, the use of compost in agriculture will encourage the decreased use of conventional fertilizers, whose manufacture requires the exploitation of more mineral and energy resources. So, using environmental and agronomic criteria, the most rational action would be the use of compost in agriculture to a greater extent than conventional fertilizers.
